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(54) Transition between circuit transmission line and microwave waveguide 



(57) A transition (38) is provided for interfacing a co- 
planar waveguide (16) with a three dimensional micro- 
wave waveguide (28). The transition includes three co- 
planar conductors (42, 46, 48) that are formed integrally 
with and extend from the coplanar waveguide. The tran- 
sition extends into the microwave waveguide through a 
slot (34), with the plane of the transition being perpen- 
dicular to the direction of propagation (32) of the electric 
field in the waveguide. The center conductor of the tran- 



sition is a patch (42) whose width increases. The other 
two conductors (46, 48) are attached to the side con- 
ductors (20, 22) of the coplanar waveguide and to the 
exterior (30) of the waveguide. They flank the patch and 
have curved edges (56, 60) complementary to those 
(54,58) of the patch. The gaps (50, 52) are initially nar- 
row, and become wider gradually. Further, as each 
guide steers the electric field while changing direction 
by 90°, it rotates the orientation of the electric field vec- 
tor by the same amount. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to transitions be- s 
tween a conductor-based transmission line and a three 
dimensional microwave waveguide. 

BACKGROUND OF THE INVENTION 

[0002] In microwave circuit design it is often neces- 
sary to interface circuit boards with other circuit compo- 
nents. Circuit boards typically communicate via one of 
various conductor-based transmission lines, such as 
microstrip, stripline, coplanar waveguide or slotline. 
Three-dimensional microwave waveguides typically 
have rectangular or circular cross sections, and are hol- 
low with metallic shells or are made of waveguide-con- 
ducting dielectric. These three dimensional waveguides 
are referred to herein as microwave waveguides or sim- 
ply waveguides. 

[0003] Adaptors or transitions, also referred to as 
launches, are employed to interface the two different 
types of media with each other. Such transitions typically 
suffer from losses due to attenuation and impedance 
mismatches (reflections). Conventional transitions to 
microwave waveguide are from stripline or microstrip. 
The transition is usually via an end of a microwave 
waveguide section, although it is known to introduce a 
stripline element laterally through a side of a microwave 
waveguide, as is illustrated in U.S. Patent No. 4,716,386 
issued to Lait. U.S. Patent No. 4,901 ,040 issued to Ahl- 
born et aL discloses a transition from microwave in 
which a T-shaped element is positioned in the micro- 
wave waveguide. 

[0004] At very high frequencies, such as above 20 
GHz, active printed circuits are preferably in the form of 
coplanar waveguides having a signal conductor bound- 
ed by two signal return or ground conductors. Device 
interconnects are preferably provided by microwave 
waveguides. The printed circuits allow low cost produc- 
tion while microwave waveguides allow easy intercon- 
nections and a low loss transmission line for filters and 
other components. 

[0005] There is therefore a need for transitions be- 
tween conductor-based circuits and microwave 
waveguides which have a wide transmission bandwidth 
and have low loss due to the generation of spurious 
modes. At higher frequencies in which coplanar 
waveguides are used for printed circuits, it is desirable 
to have such a transition directly between coplanar 
waveguide and microwave waveguide. 

SUMMARY OF THE INVENTION 

[0006] The invention provides a transition for interfac- 
ing a circuit board transmission line with a hollow three 
dimensional microwave waveguide that has wide band- 



width and low loss. 

[0007] Generally, the invention provides a pair of con- 
ducting edges defining a gap extending through an 
opening into the interior of the waveguide. The gap is 
oriented within the interior of the waveguide in a plane 
that is transverse to the orientation of the waveguide. 
[0008] In the preferred form of the invention a patch 
is directly attached to a center conductor of coplanar 
waveguide and extends into the microwave waveguide 
through a slot. Two complementary transition conduc- 
tors are attached to corresponding ground conductors. 
These transition conductors flank the patch and have 
curved edges complementary to those of the patch. This 
way two smooth curved edges are formed that guide the 
electric field. The edges are preferably continuous and 
smooth. Further, each guide steers the electric field 
while changing direction by 90°. The orientation of the 
electric field vector is thereby rotated by the same 
amount to provide optimum vector alignment in the 
waveguide. 

[0009] In the preferred embodiment the patch and the 
transition conductors are coplanar and are formed inte- 
grally with the coplanar waveguide. The transition is dis- 
posed in a plane perpendicular to the direction of prop- 
agation of the electric field in the waveguide. If the 
waveguide is of the hollow type made by a main exterior 
conductor, the complementary transition conductors are 
also attached to the waveguide shell. 
[0010] It is additionally preferred that a portion of the 
complementary conductors extends into the three di- 
mensional waveguide. This permits a longer transition 
between the coplanar waveguide and the waveguide, 
further minimizing impedance losses. 
[0011] These and other features of the invention will 
be apparent from the preferred embodiment described 
in the following detailed description and illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a side view of a circuit board inter- 
faced with a microwave waveguide using a transition 
made according to the invention. 

[0013] FIG. 2 is a perspective view of the circuit board 
interfaced with the microwave waveguide using the tran- 
sition shown in FIG. 1 . 

[0014] FIG. 3 is a section along lines 3-3 of FIG. 1 . 



[001 5] As has been mentioned, the invention provides 
a transition for interfacing a circuit board transmission 
line with a hollow three dimensional microwave 
waveguide. The invention is now described in more de- 
tail with reference to FIGs. 1-3. 

[0016] A microwave circuit 10 is formed on an insu- 
lating or dielectric circuit board 12. The board typically 



15 



20 



25 



30 



35 



40 



45 



DESCRIPTION OF THE PREFERRED 
so EMBODIMENTS 



2 



3 



EP0 905 814 A2 



4 



features a circuit transmission line in the form of a co- 
planar waveguide 16 disposed on the same side of 
board 1 2 as circuit TO. The transmission line is made of 
a center conductor 18 (also known as first transmission 
line conductor) and two side conductors 20, 22 (respec- 
tively also known as second and third transmission line 
conductors). The side conductors flank the center con- 
ductor to minimize signal loss. While it is highly preferred 
for the transmission line to have these conductors, it is 
not necessary. Indeed, aspects of the transition of the 
invention can be practiced with a transmission line made 
of two conductors, which need not even be planar. 
[0017] Additionally, the present description applies to 
all three dimensional microwave waveguides, whether 
they have a hollow or dielectric interior, and an opening 
(usually shaped as a slot) that allows insertion of the 
transition. The configuration of such waveguides de- 
fines the direction of electric field propagation within 
them as parallel to a first direction longitudinal to the 
waveguide. 

[0018] The most common type of a three dimensional 
waveguide is microwave guide 28 made by a main ex- 
terior shell or conductor 30. Main conductor 30 is 
shaped such that it defines a hollow interior, a direction 
of electric field propagation 32 along the longitudinal ax- 
is of the waveguide, and a slot 34. 
[0019] In general, a transition 38 of the invention is 
structure connected directly to the end of transmission 
line 16. The transition extends into the interior of 
waveguide 28 through a slot 34. This way the transition 
interfaces the end of transmission line 16 with 
waveguide 28. As will be understood from the descrip- 
tion, the transition of the invention is preferably formed 
on the circuit board integrally to transmission line 16, 
and as an extension of it. 

[0020] it is preferred that waveguide 28 is terminated 
by a reflecting surface 40, also known as a backshort, 
that is oriented perpendicular to direction 32. Backshort 
.40 is preferably at a distance of one quarter wavelength 
from transition 38. The surface causes constructive in- 
terference of the wave at the transition, thus enhancing 
its effectiveness and bandwidth. 

[0021] Transition 38 is now described in detail. The 
transition includes a conducting patch 42 that is con- 
nected directly to the end of center conductor 18, or is 
formed integrally with it. Patch 42 extends through open- 
ing 34 into the interior of waveguide 28. The portion of 
the patch that is located within the interior of the 
waveguide extends along a second direction 44, that is 
also known as the length dimension for the patch. Di- 
rection 44 is transverse to first direction 32 which, and 
preferably is substantially perpendicular to it. 
[0022] Patch 42 has a width that increases, preferably 
continuously, along at least a portion of its length, with 
increasing distance from the end of the center conduc- 
tor. Preferably the patch defines edges that are curved 
over at least a portion of their length. In its preferred em- 
bodiment, the patch is disposed in a plane transverse 



to direction 32, as shown. 

[0023] The patch length must be large enough to cou- 
ple the field in the waveguide well, but not so large as 
to obstruct the wave that has been reflected from back- 
s short 40. A preferred dimension for the length is thus 
found to be about 1/3 of the height of the waveguide. 
[0024] The optimum patch width is also a tradeoff be- 
tween two parameters. First, the patch should be as 
wide as possible, to maximize the transition bandwidth. 
io In addition, the total perimeter of slot 34 must be less 
than one wavelength, to avoid creating extraneous res- 
onant modes. A preferred width for the patch is thus 
about 2/3 of the width of the waveguide. These dimen- 
sions yield a satisfactory bandwidth of 25%, while they 
15 confine the resonant modes to the high end of the 
waveguide band. 

[0025] It is also preferred that the transition include a 
second transition conductor 46, and also a third transi- 
tion conductor 48 that are attached respectively to side 
conductors 20 and 22 of transition line 16. In their pre- 
ferred embodiment, the second and third transition con- 
ductors are formed as extensions of the side conduc- 
tors. Further, the second and third transition conductors 
are preferably electrically connected to main conductor 
30, to prevent the excitation of higher order modes. 
Transition conductors 46, 48 are preferably planar, and 
in the same plane as the patch. 

[0026] Transition conductors 46, 48 flank patch 42 so 
as to form electric field guides 50, 52 in the gaps be- 
tween the respective pairs of their edges 54, 56 and 58, 
60. The edges are smooth to provide for smooth imped- 
ance transformation, although stepped gap widths 
would also be functional. The initial gap width matches 
that of coplanar waveguide 16. The gap width increases 
gradually as the gaps extend through slot 34 into 
waveguide 28 to provide impedance transformation. 
This is accomplished by having the second and third 
transition conductors extend into waveguide 28, at least 
partially. 

[0027] The pairs of edges are curved over at least a 
portion of their length, and the guides extend away from 
each other, each making a total direction change of 90°. 
This reorients the electric field vector for optimum align- 
ment with the propagation mode of waveguide 28. 
[0028] As will be appreciated from this description, the 
invention provides many advantages over the prior art. 
The transition can be printed directly on the circuit board 
at a minimum additional manufacturing cost. The pre- 
ferred embodiment provides a direct transition between 
coplanar waveguide and waveguide. The resulting 
transmission bandwidth is much higher than most com- 
munications systems require. Accordingly, receiver 
noise can be minimized by a low noise amplifier placed 
directly at the input of the system. Likewise, a power am- 
plifier can be placed at the output to maximize power 
efficiency. 

[0029] In the above description numerous details 
have been set forth in order to provide a more thorough 
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understanding of the present invention. It will be clear, 
however, to one skilled in the art that the present inven- 
tion may be practiced without these specific details. In 
other instances, well known features have not been de- 
scribed in detail in order to not obscure unnecessarily 
the present invention. 



Claims 

1 . A transition (3B) for interfacing a three dimensional 
microwave waveguide (28) with an end of a first 
conductor (18), the waveguide being shaped such 
that it defines an at least partially hollow interior with 
an opening (34), the waveguide further defining a 
direction of electric field propagation (32) that is par- 
allel to a first direction, the first conductor being dis- 
posed outside the waveguide, the transition com- 
prising: 

a conducting patch (42) connected directly to 
the end of the first conductor (1 B) the patch extend- 
ing through the opening (34) into the interior of the 
waveguide (28), the portion of the patch that is lo- 
cated within the interior of the waveguide being dis- 
posed along a second direction (44) that is trans- 
verse to the first direction, the patch having a width 
that increases along at least a portion of its length. 

2. The transition of claim t , wherein the portion of the 
patch (42) that is located within the interior of the 
waveguide (28) is disposed in a plane that is trans- 
verse to the first direction. 

3. A transition (38) for interfacing a three dimensional 
microwave waveguide with an end of a circuit trans- 
mission line (18), the waveguide having a main con- 
ductor (30) defining a direction of electric field prop- 
agation (32) that is parallel to a first direction, the 
main conductor being shaped such that it defines 
an at least partially hollow interior with an opening 
(34), the transmission line comprising at least first 
and second conductors (18,20), the transmission 
line being disposed outside the waveguide, the 
transition comprising: 

a first transition conductor (42) connected di- 
rectly to the end of the first transmission line 
conductor (1 8), the first transition conductor ex- 
tending through the opening (34) into the inte- 
rior of the waveguide, the portion of the first 
transition conductor that is located within the in- 
terior of the waveguide being disposed in a 
plane that is transverse to the first direction; 
and 

a second transition conductor (46) coplanar 
with the first transition conductor, electrically 
coupled to the second transmission line con- 
ductor (20) and electrically connected to the 



main waveguide conductor (30). 

4. The transition of claim 3, wherein a portion of the 
second transition conductor (46) extends into the 

5 interior of the waveguide (28). 

5. The transition of claim 3, wherein the portion of the 
first transition conductor (42) located within the in- 
terior of the waveguide (28) has a width that in- 
fo creases along at least a portion of its length. 

6. The transition of claim 5, wherein a portion of the 
second transition conductor (42) extends into the 
interior of the waveguide (28) and is coplanar to the 

15 portion of the first transition conductor (42) that is 
located within the interior of the waveguide. 

7. The transition of claim 3, wherein the transmission 
line (1 6) further comprises a third conductor (22) ex- 

20 tending adjacent to the first transmission line con- 
ductor (1 8) and opposite from the second transmis- 
sion line conductor (20), and wherein the transition 
further comprises a third transition conductor (48) 
adjacent to the first transition conductor (42), oppo- 

25 site from the second transition conductor (46), elec- 
trically coupled to the third transmission line con- 
ductor (22) and electrically connected to the main 
waveguide conductor (30). 

30 8. The transition of claim 7, wherein a portion of the 
second transition conductor (46) and a portion of 
the third transition conductor (48) extend into the 
interior of the waveguide (28) and are coplanar to 
the portion of the first transition conductor (42) that 

35 is located within the interior of the waveguide. 

9. The transition of claim 7, wherein the portion of the 
first transition conductor located within the interior 
of the waveguide has a width that increases contin- 

40 uously along at least a portion of its length. 

10. The transition of claim 9, wherein a portion of the 
second transition conductor (46) and a portion of 
the third transition conductor (48) extend into the 

45 interior of the waveguide (28) and are coplanar to 
the portion of the first transition conductor that is lo- 
cated within the interior of the waveguide. 
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